Two types of the fresh water shrimp Palaemon paucidens DE HAAN inhabiting the Natori River system (Japan) were genetically separated by starch gel electrophoresis. One type, A, consists of the individuals exhibiting either GpiA, MpiA or Mdh-2A but not Mdh-1c genes, while the other type, B, does not exhibit GpiA, MpiA or Mdh-2A but shows Mdh-1c in moderate frequency. No evidence of hybridization between A and B types was observed even in areas where both were found together throughout the breeding season. Significant differences between the A and B types were found, i.e., the individuals of A type lay large eggs and most of them possess 2 lower rostrum teeth, while the individuals of B type lay small eggs and most of them possess 3 lower teeth. 
Biochemical
Evidence of two types in the Fresh Water Shrimp Palaemon paucidens Inhabiting the Same Water System
Seinen CHOW* and Yoshihisa FUJIO* (Accepted March 12, 1985) Two types of the fresh water shrimp Palaemon paucidens DE HAAN inhabiting the Natori River system (Japan) were genetically separated by starch gel electrophoresis. One type, A, consists of the individuals exhibiting either GpiA, MpiA or Mdh-2A but not Mdh-1c genes, while the other type, B, does not exhibit GpiA, MpiA or Mdh-2A but shows Mdh-1c in moderate frequency. No evidence of hybridization between A and B types was observed even in areas where both were found together throughout the breeding season. Significant differences between the A and B types were found, i.e., the individuals of A type lay large eggs and most of them possess 2 lower rostrum teeth, while the individuals of B type lay small eggs and most of them possess 3 lower teeth. that both types were distinct populations whose habitats were roughly separated.
We have observed an identical phenomenon and present evidence, using electrophoresis, that both types are genetically isolated even in the locality where they are sympatric.
Material and Methods
Common river shrimp (Palaemon paucidens) were collected from six locations in the Natori and Hirose rivers in Miyagi Prefecture from May to September of 1984 and partly in 1983. Locations of four collection sites (Sts. 1, 2, 3 and 4) in Natori River and two (Sts. 5 and 6) in Hirose River are shown in Fig. 1 Table 3 . the pattern of a monomer.
Heterozygotes showed two-banded phenotypes and homozygotes single banded phenotypes.
Polymorphism was observed in all locations and the different phenotypes in dicated five alleles. MDH showed activity in the two zones which were coded by two gene loci (Mdh-1 and Mdh-2). The Mdh-1 locus located in the more anodal migrating zone was polymorphic in the five locations.
The Mdh-2 locus located in the slowest migrating zone exhibited polymorphism in the three locations. Heterozygotes showed three-banded phenotypes and homozygotes single banded phenotypes. The different phenotypes for Mdh-1 and Mdh-2 in dicated three and two alleles, respectively. PGM showed the typical pattern of a monomer.
Poly morphism was observed in all locations and the different phenotypes indicated five alleles. The differences between observed and HardyWeinberg's expected numbers of the phenotypes were not significant at P<0.05 for the five loci in all samples from the Sts. 1, 5 and 6 even though they were pooled.
Although slight differences were observed at Gpi and Mpi loci of August samples from St. 3, the observed numbers pooled from three months were fit to Hardy-Weinberg' s expectations.
It indicates that they were collected from a single Mendelian population.
However, significant differences were observed in almost all samples from Sts. 2 and 4 at the Gpi and Mpi loci. Deviation from Hardy-Weinberg's expectations was dependent on the excess of homozygotes ( Table 2 ), suggesting that they might have been collected from a mixture of different populations.
Population Structure
Significant differences of the allelic frequencies at the four polymorphic loci were observed be tween locations.
Remarkable differences were especially observed between St. 3 and the three Sts. 1, 5 and 6. The GpiA and MpiA genes were observed in high frequencies at St. 3 but almost nil in Sts. 1, 5 and 6. Moreover, Mdh-1C was observed in Sts. 1, 5 and 6 but not in St. 3, while Mdh-2A was observed in St. 3 but hardly evident in Sts. 1, 5 and 6. The observed numbers of phenotypes for the four loci in the pooled samples in St. 3 and in the pooled samples in Sts. 1, 5 and 6 were fit to Hardy-Weinberg's expectation (Table   3 ). This indicates that the samples from St. 3 belong to one population while the samples from Sts. 1, 5 and 6 belong to another distinct popula tion. We can conclude that there are at least two genetically different populations of common river shrimp in the Natori and Hirose rivers.
The two populations were designated as A and B types for the samples from St. 3 and the samples from the three Sts. 1, 5 and 6, respectively. A tacit assumption for the genetic purity of the samples is that the A type consists of the individuals exhibiting either GpiA, MpiA or Mdh-2A genes, and the B type consists of the individuals not showing these genes but the presence of Mdh-1C at moderate level.
The samples from St. 2 showed that the frequencies of the GpiA, MpiA, Mdh-1C and Mdh-2A were similar to those of Sts. 1, 5 and 6 in May, coming closely to those of St. 3 as the months progressed, and were similar to those of St. 3 in September (Fig. 3) . Seasonal changes of the gene frequencies suggest that St. 2 has been overlapping zones with at least two different populations and that the samples were collected from a Table 5 . Meristic Characters in A and B Types Fig. 4 gives the distribution of the upper and lower rostrum tooth number for the samples dis tinguished into A and B types. The upper tooth number varied from 4 to 7 with a mean of 5.64 in A type while for B type, a 4 to 8 range with a mean of 6.1 was observed.
In both types, a modal number of 6 was also observed.
The lower tooth number varied from 0 to 4 in both types, and the modal number of each type was obviously dis tinguished into 2 and 3 gathered from the observation that 77.9% of A type possessed 2 teeth 
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Discussion From the comparatively long free swimming larval period of P. paucidens,6) one might suppose the genetic homogeneity within a river system. However, MASHIKO2) has found the significant differences of the egg sizes between the samples collected from some localities in the Sagami river. He presumes that the large and small egg types have been distinct populations as a result of the roughly separated habitats where the disruptive environmental factors have influenced the egg sizes, consequently the clutch and larval sizes. However, our electrophoretic data indicated con siderably distinct differences between the two types collected from several localities in the Natori river system. These two types, A and B, are interpreted as different populations because natural hybrids, which can easily be identified from ex pected allelic characters, could not be found over all localities examined. Overlapping zones showed a seasonal fluctuation in the proportion of two types, and consequently resulted in deviations from Hardy-Weinberg's equilibrium, when treated as a single population.
There were no effective geographical barriers between the A and B populations because the overlapping zones existed at all seasons. Thus, we conclude that both types have hardly exchanged genes, i.e., have been reproductively isolated.
The mechanisms underlying the reproductive isolation in this river shrimp are not known. But among the isolation mechanisms proposed by DOBZHANSKY7), geographical, seasonal or temporal mechanisms do not seem to be applicable here.
Speciation is usually regarded as a brief stage in evolutionary divergence, during which genetic isolations develop to a level which makes the phyletic separation of the incipient species irreversible8 
